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Magnesia Cement and it 8 Uses^ 
In 1853 Sorely in Prance, discovered that when finely 
ground VgO ±b mixed with a solution of magnesivun chloride and 
allowed to stand, it sets into a hard dense mass. The cement, so 
made and usually called » Sorel Cement,* is of great tensile 
strength, very quick setting, and can be used with almost any 
solid material as an aggregate • Today the cement is used chiefly 
for composition floors ♦ 

The powdered MgO, known as calcined magnesite, or magnesite 
cement, is obtained by the calcination of natural magnesite (MgC(y.^ 
Magnesite occurs in Greece, California, Canada, Selisia, Stein- 
mark, and South Africa* The principal deposits are in Greece, 
California, and Canada* Before the war the CaJ.ifornia beds were 
\uiable to compete with the Grecian on account of the high labor 
and transportation costs* 

The VlgO is obtained by burning the carbonate in kilns, and 
then grinding it* The temperature of calcination of the magnesite 
depends on the use to which the MgO is to be put. Por use as a 
cement it should be calcined at from 700 to 900 degrees Centigrade 
The kilns are vertical brick shafts, lined with fire brick* The 
magnesite is fed in at the top, and passes dovv-n the shaft, beir^ 
heated by the rising products of the combustion of gas, oil, or 
coal» The caioined material is taken out at the bottom of the 
shaft. About hours are allowed for the material to pass thru 
the kilns, of which two hours are spent in the hottest zone, 
where most of the carbon dioxide is driven off* The loss in 
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weight is the COj driven off, plus a very small axnount of mois- 
ture ♦ Theoretically, then, the loss should be 50 per cent* In 
actuaJ. practice however, it usually takes two and one third tons 
of magnesite to make one ton of calcined m^tgnesite* The loss is 
due to the under-calolnatlon of some of the carbonate. 

The grinding is usually done between a pair of millstones. 
Tube mills have been tried for grinding, but they have not 
proved as satisfactory as millstones. 

The caJ^clned magnesite considts of from 70 to 90 per cent, 
of MgO, with CaO, SIO^, Iron and Aluminum oxides, and Sulphur 
as the chief impurities. It has a specific gravity of about 3. 07* 

One of the greatest difficulties met with by the users of 
magnesite^ cement lie?^ in the securing of a uniform product. If 
the cement has been calcined at too high a temperature some of 
the MgO will become Inactive, refusing to react with the 11^012^. 
In this form it is known aB »dead burnt* ilgO . This dead burnt 
MgO, of course, weakens the cement, and it present in too large 
amounts it will make the cement unusable. The chemical analysis 
of the cement does not show how much of the dead burnt HgO there 
is, but only gives the total percentage of the MgO in the cement. 
The only way known of determining the amount of dead burnt UgO 
is to treat the cement with pure IfeCl^, wash out the excess with 
cold water, and from the amount of MgClg^which has been found to 
have combined with the cement, that is, the UgCl^ which wafi not 
washed out by the water, calculate the amoimt of active IfeO in 
the cement. 

The HgCl2.^hich is used as a solution of from 22^ to 28^ 
Beaume in strength, is usually obtained from Germany, where it 
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Is made from »Cariiallit«» (MgCl2.*Kei*6 E^O). The last liquor 
from the KCl extract ion froiri the crude Carnalllte, at a specific 
gravity of 1»32, is evaporated to a specific gravity of 1.3^, 
when the chlorides of sodium, and calcium, together with the 
xnagnesium sialphate, separate out from the solution* The remain- 
ing liquid is run into flasks, and on cooling solidifies, form- 
ing a white transluscent mass, which is about fifty per cent« 
magnesium chloride • Magnesium chloride is also made in America 
in Michigan and California. The Michigan product is obtained by 
treating the waste liquorr from salt m^inaf acture, which contain 
a high percentage of MgClg^. The California MigCl2,is also obtained 
as a by-product of salt manafacturing, either in the form of 
crystals or a concentrated solution of MgCl^^ known as •bittern? 

When Sorel cement was first announced it was tho tight that a 
valuable substitute for Portland cement had been found. It was 
strong; it set quickly; and it could be made up with a wide range 
of aggregates. When made up with a filler of marble dust, suit- 
ably colored, a very good artificial marble was obtained. Patents 
were taken out and companies in severaJ. countries began the majw 
afacture of artificial bulldir^ stone. But it was soon found that 
the stone made in this way co\;ild not be used for out of door work 
or where it was subjected to moisture, without absorbing water 
and disintegrating. It is this property of magnesia cement of 
absorbing water until it disintegrates that limits it uses^ Sorel 
cement is part icularily adapted however for use as flooring, and 
it is in this field that the widest use is made of it today. 

The cement is made up with different aggrei^ates, depending 
on the type of floor and the method of choice of the manafacturer. 
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The fillers generaly used are sawdust for resiliency, talc for 
siaootlmess, silica for hardness, asbestos fibre as a binder, red 
slate as a filler, and iron oxide as a coloring materials The flooB 
can be laid oni concrete* Some M^nafacturers preTei to have the 
concrete roughed, while others claim to be able to lay a floor 
that will adhere to a smooth surfaced concrete • The floors can 
also be laid directly on a wood surface. Tlney cannot be laid, it 
is claiioed by one uianafacturer , directly on plaster, plaster 
board, trick, or terra cotta. The first layer of the floor is 
usually made up with a fibrous material such as sawdust, wood 
floixr, or asbestos fibre. The second layer is finer grained and 
contains the coloring material.. The surface may be finished by 
trowelling, or by burnishing and scraping after the cement has 
set. The floors can be kept in good condition by periodically 
oiling and waxing them. A very good looking resilient floor can 
be made in this way. 

The principal faults of composition floors are: efflouresc- 
enc#, I.e. the appearance of free magnesium chloride on the sur^ 
fac^j of the floor; expansion and ?/arping; fading; and cracking. 
The curUees for these defects may lie in the raw materials, in the 
proportions of the constituents used, or in the laying of rbhe 
floor. 

Little is known of the effects on the floor of the different 
impurities in the calcined magnesite. These impurities, however, 
with the exception of the dead burned MgO, are usually present 
in such small amounts that they do not affect the floor materialist 
As has already been pointed out, dead burnt magnesia is the prin- 
cipal impurity in magnesite cement ♦ Thc/only way it can satisfact- 
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orlly guarded against Is by a thorough mixing of the different 
burnir^s of the niagnesite before £;i"i^-dlng* If tliie is not idone 
there may be a few barrels of the dead burnt ©tuff In a carload 
of the cement t Where this dead burnt cement was used it would r#*- 
suit in weeik spots in the floor ♦ A standardization of the calcin- 
ing process which would prevent, or at least uniformly distribute, 
the dead burnt MgO, is one of the first requisites for the pro- 
duction of a uniform cement • 

The impurities in the MgCl^are the chlorides of calcium, sod- 
ium, and potassium^They are usually present in such small quant- 
ities as to have no effect on the floor^ 

There is little data available as to the proportions of 
m^terialp which should bd used for floors • Each manaJTacturer has 
his own formula, and even he is in doubt as to how this formula 
should be varied with different magnesite cements. The density 
and aiuount of UgCl^, solution used also varies with the manafact- 
urer^ The Germans use densities from 26^ to 28^ Beaiune in strength 
while the American manafacturers use densities from 22^ to 23^ 
Beaume in strength. In general, too much MgCl^ causes eff lour^ 
escence, while an insufficient amount causes expansion and warp- 
ing. 

The defects due to f aulty ^ laying of the floor can be ovwr- 
come by careful supervision and the employment of ^killed work- 
men. 

The general desire today of users of composition floors is a 
standardization of the entire business. First, the raw materials 
must be standardized, so that the user can know just what he is 
getting, and can be sure of a uniform materials Then the formulae 
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of tlB floors should be worked out so that the architect can 
specify what proportions of materials etc. should be used to give 
the floor he desires, and so he can be sure that he will obtain 
the result specified ♦ As it is now, the architect can only spec- 
ify that a composition floor shall be used, and must trust to the 
t5klll and reliability of the manaf acturer of the floor for a 
sat li^f actory results 
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Sorely though he discovered magnesia cement, did no work 
on Its composition* He inerely announced It to be a magr^s?.a oxy- 
chlorlde cement, saying that the hardnes?^ varied with the strength 
of thtj llgClg. solutlcm used, and that solutions ranging In densit- 
ies from 20* to 30* Beaume were the most suitable* 

2. 

Bender In ljf70 was the first to publish anything on the chem- 
ical composition of magnesia cement* Hb made tests on six months 
old specimens of magnesia cement, which had been stored in air* 
In making his determinations, he considered that the CO^ which 
had been absorbed from the air had united with the MgO to form the 
nor^iial anhydrous carbonate, the rest of the MgO was considered ais 
being free to react with the MgCl^.. He extracted the excess ISfeClg^ 
with cold water, assumed the unextracted MgCl^. to he combined 
with the free l!feO, and computed his composition formulae for the 
ce!.>.-it. Iter the six months, air stored Sorel cement he found it 
to be I'gCl^ * 5MgO*17H2^0* When this was treated with water and dried 
over SOj it lost some of Its water and a comround of the formula 
MgCl^*9 Mig0*2^ H^O reiralned* When the original comi ound was treat- 
ed with bollirig water and dried over SO^ there was left a compound 

of the formula2 MgO* 3 H^O* All of these compounds were hard and 
could not be disintegrated by boiling water* He also made a series 
of tests on the amounts of wator lost at different temperatures 
by these thrae compounds and obtained the results shown in the 
following tables 

(1) Comptes Rended - vol* 65, page 102* 

(2) Annalen der Chemle - vol* 159, page 3^1* 
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MgCl2,.9 IfeO.l? H O, heated to lOO'C lost 9 mol, of wafer. 
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^ - Krause In discusslca* Bender's work claimed that Bender's assump- 
tion of the formation of the normal anhydrous carboriate was in- 
correct, holding that because of the presence of an excess of the 
basic iraterial it was much more probable that the basic carbon- 
ate would be formed* The formation of the basic carbonate woi^ld 
make Bender's results inaccurate* 

Krause attempted to prevent the formation of the basic car- 
bonate by the use of an excess of IfeClg^ solution. :*> treated the 
MgO with an excess of concentrated HgClg^ solution, heated, shook, 
cooled and dried this, and obtained a solid of the composition 

MgO^JfeCl- ^16 H-0* 

^ OH 

ITuhman separated a compound of the composition Ife lfe(OI| 

CI 

He found that on long treatment with boiling water seme of the 
l!gCl2. went into solution, leaving a chloride of the corpo:='l-^lon 
of Bruclte • 

In 1909 Robinson and Waggeiran published the results of a 
series of tests of mixtures of different concentrations of MgO 

(1) Ccmrtes Rendes - vol. 9^, p-ge M-K^. 

(2) Chemicher Zeitung - vo3 . 25, page 96. 

(3) Journ. of Thys. Chem. - vol* 13, page 673* 
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and MgCla* These mixes were allowed to stand for six months at 
a temperature of 25^C^ and then the liquid and precipitate were 
tewted. They found the normal composition to be 3 MgO^MgCl^. •10Ha4>» 

In 1908 and 1909 there appeared a series of articles in the 
Chemicher Zeiting giving the resLilts of several Qermar research- 
es on the composition of the magnesium oxychlorides* 

rr* Van Hoff' electrolyzed a concentrated solution of IfeClg. 
and obtained at the cathode a white solid to wliich he gave the 



formula lfeCl^*5 IfeO^lM- Hg^O* On drying this over H;^S04, it lost 
three molecules of water, and on being dried to ISO^C it lost 
eight miolecules of water. He also made a mix of MgO and concen- 
tratedKfeCl^and treated this vigorously with CO^* In this way 
he hoped to get results in a short period of time comparable with 
with Bender's^ in which the cement had been exposed to the CO^. in 
the air for six months* He removed the excess MgCl^. by washir-g 
with absolute alcohol aJid computed the formula to be:-;. 

MgCl2,.5 MgOa3 Hj^O* 
2. 

Kalleruer objected to the analyses of the cement by treat- 
ment with cold water a?, had been done by Bender, and Van Hoff in 
sevei-al of his determinations. He claims that there is no doubt 
but that some of the cor.bined IfeClj^as well as the free chloride 
is removed by cold water* Ibr this reason the results obtained 
by cor^siderir^ all of the MgClg^ removed by the water as being un- 
coijjibined are of little value .He concludes, from the fact that 
the cl Zorlde can be completly removed from the cem.ent, leaving 
a hard residue, and from thermo-cherr.1 cal data, whibh he was not 
(1} Chemicher Zeltung - vol* 33, page 693* 
(2) » » - vol* 33, page 871* 
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ready to give at present, that the cement Is not an oxychlorlde 
at all^ but is Mg(0H)2,with MgCl2^ in solid solution. 

Krleger' treated five grams of MgO with 200 o.c. of MgClg, 
solution of a specific gravity of 1*25, at room temperature. In 
two days time this gave a gelatinous mass. The excess chloride was 
removed by repeated extractions with absolute alcohol and the 
residue dried at ^^C. At the end of different time periods the 
mass was analysed and the followlrig results were obtained:- 
Time. MfeCLsL UfeO H^O 

2 days. 1 part. 5^0 parts. 16.1 parts. 

2 weeks. 1 • 3.3 » 10.2 » 

^l- weeks 1 » 2.0 » 8.9 ^ 

At the end of four weeks time the composition of the compound 
remained constant, the formula being MgCl2^.2 WgO.9 Hg^O^ Krleger 
decided that since there were so many things which eiffected the 
cement^ suah as te^iperature, proportions of the ingredients, time 
of reaction etc. that no set formula could be given for Sorel 
ceiTient. Prom the forirulae given he evidently considered it to be 
an oxychloride of magnesia, and not a solid rolution of MgClg in 
l!g( 011)2. as suggested by Kallenuer^ 

Trom the researches mentioned it would seem that ?orel cement 
is a magnesium oxychloride, having several mdlecules of water of 
crystallization. The exact proportions of the compound seem to 
depend on the conditions to which the cement has been exposed. It 
seems to have a foriiiula approximating MgCl2.*3 MgO^lO H^O. 
(1) Chemicher Zeitung - vol. 3»f^ page 2H6. . 
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PHYSICAL RESEARCH ON MAGNESIA CEJTENT. 
The first Investigator to publish any results on the phys- 
iceuL properties of Sorel oement weis Weber^ in 1891. He studied the 
tensile strengths of different mixes of MfeO and MgCle.*He first 
male tests of l!gO with different anounts of IfeCla. solution of a 
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The tests recorded above show that the greatest tensile 

stre:-:gth is obtained when a ratio of ten parts of !JgO to six parts 

of l^Olii^O f> solution) is used* The last three test show that 

the addition of water decreases the strength greatly. He also 

found that a sirtall amount of water v^rar; given off at lOO^C and 

not inore than 70 f» was gl^^cn off at 200^0. Dr. Weber concluded 

from these tests that water alone could not be used for making 

a cement with KgO* He also found that ItgClj^ di^^solved in absolute 
(1) Scientific Amer. Sup. May 16, 1891. 



Digitized by 



Digitized by 



Google 



12 



alcohol will react with KgO and «et into a cen^ert. . 

Schmidt made some tests on a mixture of one p^.rt by weight 
of anhydrous JHgCl2.and three parts by v/eight of MgO* He found 
that this absorbed moisture from the air indefinitely and became 
moist and soft. He made the statment which has often been repeat- 
ed by users of magnesia cement that" It Is desirable in testing 
the materials tliat a definite testing process should be adopted 
and the analysis of the magnesite should show MgO, KgO. of hy- 
dration, and CO^.* 

Since the sumraer of 1912 the Materials Testing Laboratory of 
the University of Wisconsin has been making tej^ts on Sorel cement* 

The first tests were tension and compression tests of neat, 
1 tc6L standard Ottawa sand, and floor mixes* The floor mixes 
were cen.ent, sawdust, asbestos fibre, and iron oxide coloring* 
The results of the tests were not at all consistent* Tension and 
compression tests made by different operators at different times 
failed to. agree, while tests made by different operc.tors at the 
same time checked fairly closely. The reason for this lack of 
uniformity was laid to the differences in the moisture content of 
the air in the storage room at different times, it having been 
found that the moisture in the air had a great effect on the 
neat and the sand mixes, and a less effect on the floor mix* 

Tests were made on several cements to determine the effects 
of different storage conviitiond* The follov/ing storage m.edlums 
were tried: 

1* Air where the relative hurrddity wan rarely over 60 ^ 

2. ^ ^ ^ ^ aver<i<ied OQ f 

(1) Tonind* - vol* 35 page 673* 
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3* In MgCla. solution, specific gravity of 1*20 

In kerosene. 
5* In a des. Icator over CaClg.* 

6. In running water • 

7. In machine oil* 

a. Shellaced and stored In air, relative humidity 60 ^ 
The tests showed that for the neat irlxes the best strength 

and the most uniform results were obtained In kerosene or machine 

oil storage • 

?or the 1 to 3 Ottawa sand mixes the kerosene, desslcator, 
machine oil, and dry air gave about the same res^ults as to strength 
and uniformity^ 

The floor mixes showed the best strength with dry air or 
desslcator storage, with kerosene oil and machine oil second* 
The most uniform results were obtained In dry air , kerosene^ or 
machine oil* 

The 1 to 3 Ottawa sand averaged over 900 lbs^/squ# In* ten- 
sile strength, and the floor mixes often averaged over 700 lbs* 
per 8 quart inch In tension* 
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As has already been stated It is the desire of the users of 
the magnesia cement to have the materieil standardized so that a 
desired result ceui be obtained by exact spe 3lf ioatlcn of raw 

mat -J rials, proportions ate ♦•One manafacturer has stated the 

problen in the following words 

* We are greatly Interested in bringing thi?- niaterial to such 
a position that when properly calcined magne?.ite, so ground as to 
eliminate the possibility of deal burned magneslte portions creei>- 
ing into parts of the shipments^ is mixed with other binding and 
filling materials of proven value that definitely known results 
may be accomplished - - - 

Another mana.f acturer in speaking of proposed tents on comp- 
osition floorings using magnesia cement said: 

^ Tha object of these te^ts is to standardize Composition 
flooring and to make available to the architect and builder and 
in fact, .my user of the material., the necessary facts as to the 
coxpceitlon and quality of the material so as to enable him to 
specify them in a clear concise manner 

The tests or data which would be needed in orler that such 
specifications might be made can be classified under the follow- 
ing heads : 
!• RA.W MAT^SRIALS. 

(a) The cement: The amount of Impurities in the cement and 
their effect on the floor» The det erminrAtion of the dead burnt 
MgO in the cement* An accurate, quick aaid standard method for 
this iet-^r^iii nation would be of great use to the user of calcined 
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(b) The magnesium chloride: The test* would include a chent- 
ical :^naly9i8^ giyin^ the impurities in the ItgCltar.d a specific 
gravity let eruii nation of the solution strength^ if thf^ TisClj. is 
furnished in water solution^ 

{z) The fillers: It would be necessary to know the effects 
of different aggregates on the properties of the floor^These 
" effects may be physical ^affecting such properties as strength and 
resiliency^ or they may be chemical affecting the reaction between 
the ilgO and the IfeCl^. 

2. PROPORTTONS OV INGREI)IT5:TTTS US^T). 

The first thing to be done would be to establish the ratio 
of jvIgClz to active MgO which would give the best results* After 
this had been done the proportions of lUi^Cigp MgO and different 
filling materials for various types of floors could be determined* 
The density of MgCl^ solution under different temperature condit- 
ions to p;lve the best results would have to b-^ d^ter.iii.iel* 

3. PHYSICAL TESTS. 

The effects of the variance of the mariy factors given above 
would have to be measured by physical tests* It would have to be 
decided which of the pliyslcal tests showed the •'best'* results* 
Tensile strength would be no Indication of a good flooring mat- 
eri.tl if at the same time the floor had a large coeffecient of 
expansion in setting* In general the tests which might be of 
value are:- tensile and compressiv'^ strength tests; heat cond- 
uctivity ; expansion and contraction in setting and after having 
thoro'vighly set;:tr-'3 thern-al coeffecient of expansion; resiliency 
and abrasion tests* 
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It can be seen from the general outline given above that 16 
there are mar^' problems to be solved In the standardizing of mag- 
nesia cement. Severed, of the manafacturers have been working on 
thern in their owri laboratories ♦ Some tests have been made and 
published by Individual workers. The Materials Testing Laboratory 
of the Unlvf-rsity of Wisconsin has been at work on uiagnesia cem- 
ent for several years. Some of the results obtained have been 
suni'fiarized above, while the tests made during the year 1915 to 
1916 are described in the second part of this thesis. 
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PART TWO 

THE EXPBRIMWTAL V/ORK 
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The Object of the Tests. 



The prirnary object of the experimental work was the deternw 
inatioii of the effects on the physical properties of the cement 
of varying the quantity and density of the magnesiuja chloride 
solution used In the mix. Since the change in voliime of the cem- 
ent in setting is one of the Important factors determining Its 
fitness for^as, especiauLly as a flooring^ particular attention 
was pvald in these tests to the exia.'-.sion in setting of the var- 
ious mixes* 

An outline of the tests Uiade and their objects is given 
below: 

1. Preliminary Expansion Tests. 

Object: to deteruiino the coniparative changes in volume in 
setti:)g of neat, 1 to 6 sand, and standard floor mixes. 

2. Tests with Varying Quantities and Densities of MgClg^Solutlon. 

(a) ICxparsilon Tests. 

Object: The determination of the effects of this Trarlatlon on 
theohetnge in volume in setting. 

(b) Tensile Strength Tests. 

Object: The determination of the effects of this variation on 
on the tensile strength, and the det-^rml nation of the relation. 
If an5''> between strength and constancy of volume tests, 
(o) Cross Bending Tests. 

Object: The determination of the ai:)dulus of rupture and the 
modulus of elasticity of the different mixes. 
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Pis* 1 

Box^ with ndcrometer frame 
in place* 
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(d) Change In Weight In Setting* 

Object: The determination In the changes In the water con- 
tent in ^letting In a dry and a saturated atmosphere^ and the de - 
termination of the relation between theoe changes and the chajnges 
in volume* 

3* "Elxpanslon Tests with Different CeTLents* 

Object: The determination of the relation between the change 
in volume In setting and the chemical constituents of the cements* 
H'. Test for Coeffeclent of Thermal Expansion. 

Object: The determination of the coeffeclent of thermal ex- 
pansion of the standard floor mix* 
5* Expansion Test from Time of Molding* 

Object: The deteruiinatlon of the expansion from the time 
the spe Oilmen was put in the mold in order to learn the effect of 
the elasticity of the aggregate on the initial exp.insion* 



Materials: The calcined raagnesltes used for these tests were 
furnished the Materials "i^esting Laboratory by the Acjerlcan Mon- 
olith Company of Mllwrv.'c^^^e \7isconsin. They were from different 
sources and of different chamlcal coii5)osltiorx3 * (See page 27 •) 
The m^.iesium cliloride was also furnished by the American Mon- 
olith Company as a liiuid of 22^ Eeaume strength ani also in lump 
form* The lump magnesium chloride was made up to the desired 
strerigth with water froi; the tap* 

The sawiust used for tha floor nixes was iraple sawdust* 88 ^ 
was retrained on a ITo* 50 screen, having oveningsi *011»square* 

The asbej^tos was in the form of slireddel asbestos fibres* 



The Apparatus and Kethod of Procedure* 
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Expansion Tests • 



in 



The expanslon/^sett ing test consisted of testing a specimen 
14-" X 1" X l^.The dry materials, magnesite, sawdust etc» were 
first well mixed, then the liquid was added and the whole well 
mixed by hand for exactly 1^ minutes 4lirjnediately after the mixing 
the batch was placed in the oiled iron lucl.ir, (1^»» x 1* x 1» )• 
Small glass plates were placed in the ends of +-he specimens to 
provide smooth bearing surfaces* The specliKeno were r>'^.ored in the 
open air while setting. At the end of the setting period, which " 
varied for the tests, they were removed from the molds and placed 
in an upright metal frame so that the glass plate in the bottom 
rested against a fixed point, while a screw micrometer could be 
turned down against the plate on the top oT the specimen* 

After the specimen was in place the micrometer was turned 
down and the first or zero reading was taken* The micrometer was 
then turned up free of the specimen* At the end of the desired 
tiiae period another micrometer reading was taken* The difference 
between the two readings was the change in length of the specimen 
during that time interval* Reeulings were taxen at regular interval? 
usually 2^ hour periods, until It r/;..^ desired to stop the test, 
which was when a constant volume had been attained^or else the 
volume changes had become uniform. Data was taken for all tests 
on standard forms* ( See page 2S ) The time - expansion curves 
were plotted from this data* Since all the specimens tested 
were of the same length the expansionr, in setting were not re- 
duced to unit deformations but were plotted lirectly in Inches* 

The first test was made on different ^.agnesltes, using a 
standard floor mix* The standard mix Is one suggested by the 
American Monolith Company, wh^'.ch was found by er.rlier v^orkers 
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In the Materials Testing Laboratory to give the best results ^ 23 

At first the expansion test was made In the open air of the 
laboratory where the hu.hldity varied greatly* On plotting the 
time - expansion curves and the humidity curves for the same per- 
iod of time It was noted that the expansion of the cement seemed 
to be a function of the humidity of the air In which It was stor- 
ed« 

In order to control the storage coniitlons during the expan- 
sion tests an alr-*-lght galvanized Iron box was made* ( Sele pa^je 20) 
The top of the box was removable, but when In place It was sealed 
by a heavy rubber gasket* It contained a frame and micrometers so 
that five specimens could be tested at once* A glass window was 
placed in the frcr.t side so that the Interior temperature of the 
box oould be read on a thermometer liung in front of the window* 
"Every precaution was taken to mak^^ the box air-tight* An electrl.^ 
light globe was hung in the box so that, if desired, a temperature 
hl;2'--*^r than that of the outside air could be obtained, in the box. 

A dry atmri^phere was secured in the box by placing in it four 
3 inch evaporatir^i iishes containing concetrated sulphuric acid* 
After the expansion readings with the specimen had been obtained 
in the viry atmosphere as long a time as seemed desirable the aold 
was removed and water siJbstituted, giving a moist atmosphere in 
the box. The temperature in the box remained fairly constant thru- 
out t}i= tests* 

Five mixes were usually tested for each set of tests* The 
composition of each mix wis^ r?.rlod as desired for that particular 
test. One batch however was always of the •'standard mix* mentioned 
above* 
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Chaiige in height in Setting* 



21^ 



In the last three tests cylinders 2* by 1* in diataeter were 
made up from each batoh^ weighed and placed in the test box with 
their respective expansion f^peoimens* They were weighe 1 again 
when the aoli was removed, ani when the test was discontinued •The 
changes in weight gave the weight of the water lost in the dry 
atmosphere and the water gained in the saturated atmosphere* 
CroH.s Bending Tests » 

T^vo iM'^'xl^'xl* specimens we remade up from each batch* One 
was placed in the expansion test frame as described above, and the 
other ^as stored in air* At the end of the expansion test both 
wdre subjected to a cross bending test. The test was made in an 
Olsen Cross Bending Machine; a 12» span being used* The lead was 
applied in the middle; and deflection readings were taken every 
0*02*^ until failure • The ?ata froni these tests was used in determ- 
i/ii/^ ths modulus of rupture ani the modulus of elasticity* 
Tensile Tests* 

7our standard tensile brlc^uettes were made up from each batch, 
stored in air, and tested In a standard P.lehle* t^^stlng machine at 
the iiame time the cross ben-ling tests were made* 
Coeffecient of Thermal "Pl^-pansicn* 

Tests were made to determine the coeffeclent of thermal exp- 
anxsluu of standard flocr mixes* The tests were made on the Ik^ x 
I*' X 1* specimens* One end of the j^peolmen was held against a fix- 
ed ulock; a travelllr^ micrometer microscope was focused on pl mark 
o:: a rivet set in the other end of the specimen* The lower temper- 
ature was obtained by covering the sxe:5im:en with cold oil* The 
oil bath was heated to lOO^C* for the higher temperature* The 
exX'^ur'ion through thl3 te3';perature rarj^e w.s L.easured by the trav- 
elling micrometer* ^ t 
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"Expansion from Time of Molding Test» 

A test was mde of expansion imn.ediately gtfter molding* The 
speoij:.«n ;v.a3 put in the mold, and placed flat on the table* The 
re^-alar expansion specimen was used^A small metal rl-^^et with a 
mrirk on it was placed on the top side near one ^n"? r tV? 
imen and the travellir^ micrometer ndcroi-:>cope was focused or 
mark. The other end of the specimen rested a^iainst a fixed block • 
K^^adin^s were taken from the time the specin^en wa3 placed in the 
mol i. 
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iOTALTSES 07 CEKEHTS. 

Cem't SIO- 7e and CeO MgO 80 j, Lo«« on 

Ko. - AlxO^ - - - ignition 

22L »f.8H^ 3.5«?t g6.i^M^ 0.0^ 

33 3»39 .70 2^67 86.78 0.0 6.79 

3.«« 17.08 56.11 0.0 21.^ 

6 ,68 .66 19.07 66.M.5 1.31 12.82 

7 2,08 .61 3.00 81,03 .36 12.8^^ 

8 3.52 .66 2.97 86.37 .2^^ 6.25; 
ri 2.7»^ .28 3.03 91.76 trao« I.57 
lf2 5.1^ .32 K76 82.95 " 6,07 

5. 7l8»f 1.2i|. 1.62 77.87 0.0 11.90 
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NOTES ON DATA AND CURVES • 



The Storage^ 

The storage is indicated as whether in the dry ar saturated 
atuosphere of the box, or in the open air. 
"^Ixpan^^lon Tests* 

The time increments are given in hours. The zero reading was 
taken v;hen the specimens were placed in the box. The expansion 
inofements are the actual expansions in inches of each 1^ inch 
specliaen. The first micrometer reading was taken as the base for 
coin^.uting the incre^nents in the dry atmosphere. Anotlier base read 
ing Tas taken after the water was added and the increments from 
that ti2ie are computed using this as the zeri readirig. This is 
done because there always was soa^e shifting of the specimens due 
th^ removal of the frame for the aidition of the water. 
Tensile Tests. 

The values given are the a^^arages of the four test briquettes 
If any briquette felZ more than a 100 pounds belovr tho average 
it "^AS not used in computing the values given. 
Cro33 "B^r./ling Tests. 

The deflections are the center deflections. When possible 

th*^ deflection at failure was obtained. If this was not obtained 

the load at failure is placed opposite thedef lection marked (?)• 

Mv 

In computing the modulus of rupture the f oriTiula: S^:^ 

I 

was uaed. The values obtained for the two specimens were averaged 

and the average is reported on the data sheet. 

The modulus of elasticity was computed from the formula: 
EL 

• The deflection » taken was the maximum deflection 

W I y 

that was recorded. 
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Ccaont 2.^. int iii llclds 

Ta^cn owe 

2tcrc-£C . 

Density 
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3C."CCii i:C . / 
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_Sa\. dust o / ^ 
isbcstcs /4 4- 



.sr. 



Opcrc.tcr 



ys//09 Ilg, CI f 3 cc. 



He suits 



Dr.tc 



idc. 



cicn 



T 6 
76 



Inc. * 



Inc. 
Lie 

.0X00 



Jens ion 
L£ . otrcnvth 



Cross 3endin-r 
1:0. ■ Deflection Load 



.Ibr: sion 

l^c » ^.{ev. 1.0. Kcv. 

Init ♦".t . 



l^inr.l \n. 



Loss 

Inii. Ut, 

rinal ::t._ 
Loss 
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TEST jrUICBER IT 1 • 



30 



Average temparatura 60^P 

Storaga - air 

Tlma In molds 3 hn. 



Objaot of test:- 

Expansion in setting, 
of different oaznants. 



Composition 



Casiant BUsibar 
Caiaent (grams) 
Sawdust (grams) 
Asbestos (grams] 
Coloring (grams, 
HgClp : C^C* 

: : : Density 



BATCH NUICBER 
I 

11. 

156 

1.20 



Hiimidlty 
Ml 

»w 
51 

61 
77 

P 

41 



Expansion Test (Inorements) 



if hrs. 

18 
40 

? 

65; 

89 
103 
127 
155^ 
179 
2>Mf 
292 
340 
*36 
i^O 
772 



.0315in. 

.0424 

.0433 

• 0405 
.0367 

• 0295 

• 0270 

• 0225 

• 0120 

• 0130 
.0157 

• 017»f 
.0156 

.0073 
.0076 

• 0045 



• Ol651n^ 
.0402 
.0420 
*0413 

• 0405 
.0354- 

• 0330 

• 0288 

.0155 

• 0170 
.0232 

• 0250 

• 0243 
.0091 
.0096 
.0050 



II 


III 


IV 


8 


44 


22 


264 


264 


26 4f 


156 


156 


156 


72 




72 


.^^ 






^55^ 


455 


»^55. 


1.20 


1^20 


1^20 



•0025 In. 

.0130 

.0^90 

.0408 

.0408 

.0392 

.0380 

.0362 

.0270 

• 0280 

• 0312 
.0318 
.0314 

• 0230 

• 0230 
.0192 



9teab 

• 0087in, 

• 0118 

• 0184 
.0204 
.0223 

.0183 
.0002 
.0014 

.00^7 
.0046 
.0038 
..00% 
.0040 
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TEST KUIOBER F2 

Average temperature 72^P 

Storage - Dry - 

Time In molds - 7 hours • 

Batch Number 



32 



Object of test:- 
Ibcpanslon in setting of 
different cements • 



Composition 


I 


II 


III it IV • 


V 


Ceoent Fo« 


22 


33 


8 


44 


CeflMtit grs. 




52« 


528 


528 


Sawdust grs. 


31^ 


312 


312 


312 


Aab«stos grs. 


144 


144 


144 


144 


ugCl^: CO. 


760 


760 


760 


760 


: density 


1.20 


1.20 


1.20 


1.20 


Time inc. 




Exiaasion test 


(increments) 

• — 





2hrs. 

4 



18 

44 
68 
92 
120 
138 
164 
188 
216 
236 
259 
284 
306 
331 



0171 

0183T 

0340 

0345 

0310 

0263 
0240 

0215 
0190 
0150 
0132 
0120 
0125 
0110 
0110 



Tensile str. 
in lbs per - 
square inch. 

Deflection 

Box •02in. 
.04 

.05 
.06 
.07 

Air .02in 



.0155in. 


.Ql63in, 


, .0090in. 


no 


.0250 


.0300 


.0165 


readings 


.0333 


.0423 


.0315 


taken. 


.0340 


.0426 


• 0060 


Loose 


.0290 


.0408 


-.0047 


microm»r 


.Ot65 


.0378 


-.0400 t 




.0195 


.0312 


-.0275- 




.0157 


.0298 


-.0330 




.0117 


.0180 


-.0^84 

-.040$ 
-.0430 




.0074 


.0141 




.0021 


.0088 




-.0008 


.0029 


-.0490 




-.0027 


,0008 


-.0456 




-.0036 


-.0019 


-.041^> 




-.0041 


-.0028 


-.0424 




0036 


-.0057 


-.0380 




Tensile Strengths (28 days) 



86% 



890 



670 



44lbs. 

76 



Cross Bending test. 



787 



44 lbs. 

70 



20 lbs. 

47 



104 Mlt. 



.04 

.05 
.06 



|5 
60 

80 ult. 



uilt, 50 ult. 



66 

96 ult. 



Hod. of Rup. 1650 



1520 



900 



32 
64 

76 ult. 



1370 



36 Ibft. 

60 tat. 



28 
48 

66 ult. 

1135 



Mod. of Elas. 596:,000 800,000 511,000 660,000 498,000^ 

•IJote. Specimen No. IV had air storage for expansion readings. 
All others were taken in dry box atmosphere. 
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TDST NUICBER V5 



Ceioat ISUmber 22 
Avera^* Temperature 80*7 
Storage - Dry - Saturated 
Time in molds - 20 hr«* 

BATCH irmiBIER 

Coi^posltion:- Z 



Object of test:* 
Expansion In setting, 
of neat, sand, and 
floor mixes. 



IZ 



III 



Cement grs* 
Sand grs. 
Sawdtist grs. 
Asbestos grs, 
M^Cl^: CO, 
: density 



Specimen Fo, 

Tims morn , 

23 

?5 
H9 

7^ 

97 
lU 
172 

197 
216 
Water added 
2»K) 
26)f 
312 
336 
360 
38»^ 



1000 



550 
1,20 



212 
1272 



17« 
1,20 



176 

lOM. 

>^ 
278 
1,20 



iKpanslon testt (Inorements) 



,0379in, 

.0»^71 
.0»f64 

.0403 
• 0392 
.0369 
,03^ 

.0313:> 
.0304 

.0295. 

,0131 
.0297 
.0933 
•1143 



IB 


IIA 


I IB 


III 


.omin. 


.0091in. 


.00 761 A. 


.0144 


.0430 


.0107 


.0076 


.0096 


. 0423 


.0103 


.0071 


.0084 


• 0381 


.0088 


.0053 • 


-r.0076 


.0355> 


• 0079 


.004? 


-.0153 


.0327 


.0071 


.0034 


-.0208 


.0292 


• 0061 


.0028 


-.0272 


.0276 


.0053; 


.0023 


-.0293 


.0258 


.0052 


.0018 


-.0307 


.0250 


.0052 


.0018 


.0318 


.0128 


.0077 


.0086 


• 0241 


.0290 


.0140 


.0160 


.^318 


.0873 


.0272 


.0243 


.0375 


.1050 


.0300 


.0257 


.0371« 




.0318 


.0269 


•0368e 




.0350 


.0293 


.0388 



• ITote:- The water In the box had all been absorbed, more 
water being added at this point. Readings marked (#; were for 
this reason not plotted* 
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TEST SUMBER V6 

CezDdnt Fo* 22 
Average Temperature 63*P 
Storage - Dry - Saturated 
TiiM in Uolds - 21 hr8« 

BATCH inSIBER 



36 



Object of teet:-^ 
Expansion with a con- 
eteuit liquid content 
and varying density • 



Compos it ion: - 


I 


II 


III 


IV 


V 


Camsnt grs* 


528 


528 


528 


5ft8 


528 


Sawdust grs* 


312 


312 


312 


312 


312 


Asbestos grs* 




1^M^ 


l»M^ 


l»Hf 


iMf 


MgCl^ :c«o« 


836 


836 


836 


836 


836 


: density 


1*27 


1.23 


1.20 


1.15 


1.05 



Tint ino. 



Expansion test (increments) 



11 


.016^ 


22 


.0222 
.0294 


' U6 


70 


.0313 


94 




120 


.0329 


142 


.0329 


172 


.0328 


190 


.0325 


214 


.0322 


238 


.0320 


262 


.0310 


282 


.0307 


water added 




330 


.0078 


336 


40080 


355 


.0112 


^3 


.OIUO 


.0172 


Tensile str. 




in lbs. per 




square inch. 


839 


Deflection 



.0159 


.0167 


.0111 


.0211 


.0212 


.0148 


.0261 


.0252 


.0197 


.0280 


.0264 


.0211 


.0284 


.0269 


.0202 


.0285 


.0253 


.0174 


.0280 


.0238 


.0142 


.0264 


.020^ 


.0098 


.0260 


.0184 


.0064 


.024L 


.0155. 


.0020 


.0223 


.0122 


.0000 


.0189 


.0065. 


-.0021 


.0179 


.0051 


-.0029 


.0109 


.0145. 


.0186 


.0121 


.0153 


.0191 


.0145 


.0179 


.0208 


.0169 


.0201 


.0225 


.0190 


.0219 


.0238 



Tensile Strengths ( 21 days) 



554 



496 



225 



Cross Bending tests. 



Too soft 
to test. 



50 



Box. . 02 
.04 
.05 
t 


40 lbs. 
60 lilt. 


30 lbs. 

50 lat. 


34 lbs. 

50 

66 ult. 


18 lbs. Ho teftts 
36 ult. made. 


Air .02 
.04 
.05 
T 


32 
70 

76 xat. 


30 
74 

87 ult. 


24 

24 lat. 


12 lbs. ult. 


Uod. of Rup. 


1225 


1215 


990 


470 


ICod. of El as. 


653,000 


670,000 


523,000 


324,000 
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TEST KUICBER H9 

Cement No* 172 
Average temperature 63*7 
Storage - Dry - Saturated 
Time in aolds - U6 hre, 

BATCH VIIIfBER 
Composition:- I II 



38 



III 



Object of test:- 
Expansion with a con- 
stant liquid content 
and varying density, 

IV V 



Cement grs. 


528 


528 


528 


528 


528 


Sawdust grs. 


312 


312 


312 


312 


312 


Asbestos grs. 


l^^4^ 


l>fJf 


l»f»f 


IW- 


l»^i^ 


MgCl£:c,o, 

: density 


836 


836 


836 


836 


836 


1.27 


1.23 


1,20 


1.15 


1,10 



Time inc. 



Ibcpansion test (increments) 



5 hrs. ,0031in4 

25y ,0115> 

M.8 ,0163 

80 .0213 

97 .0231 

119 .02^5 

173 .0269 

199 ,0273 

212 .0283 

240 .0293 
water added 

288 .0117 

336 ,0229 

384 ,0325 



.0023in, 

.0072 

.0100 

.0128 

• 0140 

.0148 

,0160 

,0163 

,0165 
.0166 

.0074 
.0128 
.0188 



.0035in. .00401n, 



.0078 
,0108 
.0132 
.0140 
.0138 
.0138 

.0131 
.0116 
.0111 

.0039 
.0066 
.0096 



.0075 
,0090 
,0102 
,0110 
,0118 
,0120 
,0118 
.0113 
,0110 

.0018 
.0030 
,0044 



Tensile strength 



Tensile Strengths ( 19 days) 



•,0068H 
,0176 
,0224 
.0283 
.0307 
.0340 
.0384 
.0394 
,0418 
.0430 

,0024 
.0054 
.0088 



square in. 


853 


590 


634 


442 


92 


I^lectlon 




Cross bending tests 






Box. 02 in 
,04 
.05 


28 lbs. 

50 

56 ult. 


36 lbs. 
52 ult. 


22 lbs, 
48 

50 ult. 


22 lbs. 

46 \at. 


10 lbs. 


Air, 02 
,04 
.05> 


42 
70 

72 ult. 


32 
66 

71 ult. 


36 
62 

76 \at. 


30 

46 lilt. 


6 lbs. 


Mod, of Rup« 


1150 


1100 


1135 


830 


144 


Hod, of Elas, 


555*000 


637,000 


680, 000 


497,000 


t 


LOSE' in H2.SO 


1.171^ 


3.21^ 


7.60^ 


10.7^ 


9.35^ 


Gain in H^^O 


5.80^ 


3.»»6lt 


2.53^ 


3.00^ 


2,19^t 



• liTota:-- Top bearing glass was loose* 
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Curre Ko. 

Cvirve Ho^ 

Curve Ko* 

Ciirve Ho^ 



X - test iro« S6 ^ Modultis of Huptiur«# 
2 - T(ft»t jro^ H9 - • » » 

Test Fo^ ir6 - Modulus of lUlastlolty* 
Test Mb* H9 - * • • 

5 - Test ITo* V<$ - Teixsile Strength* 

6 - Test Ho* F9 - • • 



J: 



t5'x>o 



u 

o «> 



1000 



500 



3 • 

•CI H 
O 



O 



o 



e <H 



250 



0- 

























0— — — 
^^^'^ 
















Batch ITo. I 
D«nsity 1.27 
C.C. 836 


II 


III IV 

1.20 1.3L3 
836 836 

Digitized by 


V 
1.10 

836 

Google 
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TEST' NUMBER F7 

Cement Vo« 22 
Average Temperature 67^7 
Storage - Dry - Saturated 
Time in molds - 19 hre^ 

BATCH KUUBER 



Object of test:-- 
Expansion with a con- 
st ajit density coid a 
varying liquid content • 



Compeslt lon:> 


I 


II 


III 


IV 


V 


CenBzxt grs. 


528 


528 


528 


528 


528 


Sawdust gre. 


312 


312 


312 


312 


312 


Asbestos grs. 




1^M^ 


1»^4 




11^^ 


Ugd^: o.o* 


580 


72r 


835 


935 


1080 


: density 


1.20 


1.20 


1.20 


1.20 


1.20 



Tlmei^ ino . 

k hrs. 
8 

ZM- 
^7 
71 
95 
119 

l>^3 
168 
192 
water added 
2H0 
26>^ 
288 
312 
336 
360 
38M- 



Tensile str. 
In lbs. per 
square Inch. 

Deflection 

Box .02 
.04 
.05 

Air .02 
.Olf 
>05 

Mod. of Pup. 



'Expansion test (Increments) 



.0139in. 

.Q18i^ 

.0218 

.0225 

.0197 

.0178 

.0172 

.0163 

.0156 

.OIM.9 

.oi^oi^ 

.052^ 

.0624 

.0719 

.0804 
.0876 
.0928 



.0135in. 

.0216 

.0303 

.0354 

.0376 

.0374 

.0359 

.0356 

.0342 

.0330 

.0208 
.0268 

.03^ 
.0384 
.0440 
.0492 
.0533 



.OII7IA. 

.0199 

.0309 

.0^57 

.0407 

.0415 

.0415 

.0415 

.0409 

.0404 

.0090 
.0143 
.0176 
.0213 

ism 

.0301 



Tensile Strengths (16 days) 



240 



487 



762 



Cross Bending Tests 



10 lbs. 



16 lbs. 



22 Ibsf!. 

32 xat. 



26 

40 \at. 



250 



650 



28 lbs. 
H6 lilt. 



32 
60 

68 viLt, 
1025 



.00941n. 

.0183 
.0286 

.033^ 
.0382 
.0^94 
.0400 
.0404 
.0UO4 
.CT399 

.0094 
.0112 

.0133 
.0152 
.0175 
.0194 
.0208 



739 



28 lbs. 
44 

50 ult. 
60 

68 ult. 
1060 



.00721n. 

.0132 

.0226 

.0267 

.0302 

.0315 
.0324 

.0333 
.0334 

.0333 

.0051 
.0063 
.0075 
.0088 
.0103 
.0115 
.0121 



572 



20 lbs. 
22 ult. 



20 
48 

60 xilt. 



740 



Mod, of Has. 432,000T 390,000 524,000 510,000 379,000 
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TIEST innCBER 

A7«rag« Tempttraturt 63^ 

Storeig* - Dry - Saturated 
lima ln-]<»ld8 - 24 hrs. 

BATCH NUIIBVR* 

I II 



Compostion:- -• 

CttBMnt 528 gr* 

Sawdvwt 312 • 

A8b«8to8 mk - 

: o,o» - 580 



528 gr. 
312 • 

11^4 IT 

1.20 

721 



k2 

Object of te«t:- 

Varylng the llagneslm 
chloride content at a 
constant density. 



III 



528 

312 

1.20 
835 



n 



IV 



528 gr. 

312 

1.20 

935 



528 g& 

312 

l«rt- 
1.20 
1080 



Time 



23 hr«. 
»^7 
71 
95 
119 

l»^3 
190 
214- 
238 
263 

water added. 



'Expansion Test (Increments) 



• 015lin. 

.0195 
.0202 

.0191 

.0175 
.0162 

.0127 
.0104 

.0095 
.0079 



• 0104 in. 
.0164 
.0194 
.0199 

.0195 

• 0188 
.0159 
.0143 
.0119 
.0106 



•0176in, 

.0233 
.0254 
.026^ 
.0274 
.0279 
.0274 

.0267 
.0260 
.0254 



.0136in. 

.0216 

.0258 

.0278 

.0291 

.0301 

.0305 
.0306 
.0305 
.0301 



.0133ia» 
.0210 

.0249 
.0269 
.0285 
.0293 
.0301 
.0304 

.0305 
.0306 



287' 

312 

359 

383 

407 


.0110 
•00.84 
.0278 
.0306 
.0331 


.0009 
.0099 

.0155 
.0178 
.0204 


.0015 
• 0028 

.0073 
.0090 
.0110 


.0019 
.0041 
.0074 
.0087 
.0108 


.0026 
.0044 

.0075 
.0088 
.0108 


Tensile Strength Test (22 days) 


Tensile str. 


337' lb/ in. 582. lb/in 7I8 lb/in 738 lb/ in 592 lb/ in 


Deflect ion 


Crosso Bending 


Tests 






Box .02 in. 
.04 
.06 


20 lb. 
26 ult. 


26 lb. 

46 

52 iat» 


34 lb. 

52 

55 Hit. 


13 lb. 

32 

50 ult. 


20 lb. 
44 ult. 


Air .02 
.04 
.06 


20 

26 ult. 


24 
47 

50 ult. 


30 
62 

70 \at. 


38 
70 

85 vat. 


30 

52 ult. 


ICod. of Rup. 


470 


920 


1120 


12J0 


865 


Uod. of Has. 


280,000 


502,000 


615,000 


480,00 


495,000 


Loss in Hj^SO 


»^.5 ^ 


7.8^ 


9.2 


10. 51^ 


11. 31^ 


Oain In H^O 


2.9^t 


2.95^ 


2.9^ 


3.8^ 


5.0^ 
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Curre ITo, p. 
Curve STo, 2 



I50Q 



XOOO 



i J* • 

IS'' 



1 o «». 

I «^ 

IS 



§00 



♦» 

iH 750,OOC 

^-poo^ 



Vi 

e 



; 250,00c 



e 



500 



T»«t Kb. H7 - Modulus of Ruptur*. 

T#»t JTo, ITT - Modulus of "Blast i city.' 
Test Ife, 58 - • • • 
Test lire.' IT? - Tensile Streingth. 
Test S9» KB ' * ' 






-vBatoh No* I It ni~" 

Dens tty 1^20 1420 1,20 

CC- 5^ 7^ 815 



TV"" 
1*20 

935 



V 
1.20 

1080 
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TEST KinCBER V3 

Cexnent Vumber 22 
Average Temperature 80^ V 
Storage Dry - Saturated 
Tixoe In molds - 23 hrs* 

Batch number 



^5 



Object of teet:- 
Constant UgCl^ content a:t 
a varying density,. 



Composition:- 


I 


II 


III 


IV 


V 




528 


528 


528 


528 


528 


Sawdust grs* 


312 


312 


312 


312 


312 


Asbestos grs. 






l»Mf 


IM^ 


i»Pi; 


: dsnsity 


385 




588 


695 


795 


1.31 


1.28 


1.23 


1.20 


1.18 



Tims inc. 

23^ 

n 
95 

119 

11^3 

191 

215^ 

239 
Si^O'- added 
* 263 

270 

287 

311 

Tensile str. 
in Ibit. per 
square inch. 

Deflect ion 



Expansion test (increments) 



.0388in. 

.0180 
..0089 
..02U0 

..0^if5> 

..0»W1 

..0»^76 

■.Ol«5 

•.OW 

.0589 
.0684 
►0881 
•1068 



.0186in. 
-.0063 
-.0231 
-.0366 
-.0451 
4.. 0482 
-.0569 
-.0581 
-.0591 

.0448 
.0525 
.0651 
.0771 



.0175in. 

..0131 • 

-.0275 - 

.0373 ■ 

..0441 . 
..0484 

.0574 . 

-.0583 ■ 

-.0590 - 



.0188in. 

-.0017 
.0104 
■.0232 

.0275 
•.0394 
.0340 
.0350 
.0357 



.0687»T .0224 

,0^97 .0268 

.0479 ..0310 

.0555 .0358 



Tensile Strengths (14 days) 



101 



176 



330 



372 



.Ol66in. 

.0047 
-.0148 
-.0148 
-.0180 
-.0200 
-.0226 
-.0233 

.0110 
.0192 
.0240 
.0271 



H05. 



Cross Bending test 



Box ;02 
.04 

.05 
T 


in. 


8 lbs. 


18 lbs. 
24 ult. 


21 lbs. 

30 xat. 


22 lbs. 
41 

42 ult. 


26 lbs. 

46 

48 ult. 


Air .02 
.04 
.06 
T 


in. 


4 nat. 


16 

24 ult. 


17 

18 ult. 


22 
42 

47 \at. 


26 

34 ult. 


Hod. of 


Rup. 


144 


396 


750 


800 


740 



Mod. of Elas. 173,000 240,000 260,000 350,000 442,000 
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TEST NUMBER NIO 



Cement: ISUmbAr U2 
Average^ Temperature 66 
Stor^e - Dry - Saturated* 
Time In molds <-21 hours • 



Object of test:- 
Constant U^Clpcontent 
at a varying aensity*. 



Comiioslt lon:- 


I 


Bat oh ITunber. 
II III 


IV 




Catoont grs. 
SawdiiBt gr8« 
Aabestos gra. 

- density 


528 
312 
lif»4. 
385. 
1.31 


1.28 


^28 
312 
l»flf 
588 
1.23 


528 
312 
lif»f 

695 
1.20 


528 
312 
l»f»fi 

795 
1.18 



Tlma Ino* 

2»f hrs. 
46 

9»^ 
120 
lJ^»f 

167 
Water ad4<«d. 
192 
216 
261^ 

Tensile str. 
In lbs. per 
•quare Inoh. 

Defleotlon 



Ejcpaiislon test ( increments ) 



.03M-9in. not 
• 0387 made 

.0315 

.0290 
.0176 
.0102 
• 

.0»^30 
.0807 
.ll»f8 



• OlM-mn. .OlMlin, .0109in. 
,0135> .0130 ,0148 
,0092 

.0033 
-•0054 
-•0120 



,0079 
,0031 

-,0039 
-.OlDO 



,0150 
.0123 
,0060 
-.0010 



.0228 
.0606 



• 0181 

• 0297 
.0»«)2 



.0098 

.013.5 
.0276 



Tensile strengths (11 days ) 



93 



330 



326 



370 



Cross- bending tests. 



Box .02 
T 


in^ 


6 lbs. 


20 lbs. 


24- lbs. 
36 ult. 


32 lbs. 

36 Xilt. 


Air .02 
T 




71b«. 


20 

40 ult. 


20 

32 \ilt. 


32 

38 ult^ 


Uod^ of 


Rup^ 


117 


5JW 


630 


650 


Uod* of 


Elas. 




4.32,000 


500,000 


690,000 


Loss in 


Hz804. 




7.7^ 


10. 7^ 


13.1^ 


Gain in 




5.5^ 


K9f. 




5.4^ 



e liTote:- On removing ffame for adding of the water a sawdust 
grain waa found under raicrometer point of Uo. 
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\ 



I 

\ 

\ 



4500 



O 0i 

IS 

i 



1000 



500 



1 5 750, OOC 

S 

^ 500,00C 
o 

. 250»00C 

I 

At 



Id" 



45 
750 
500 
250 



Curve Zlb^. li. 
Curre ITo. 2 
Curve ITo* 
Curre iro# 
Curve ^0. 
Curre Iffo* 



5: 



I 



Test Vo. ]r3 
Test Ko* VIO 
Tsst S'o» V3 
Test ITo, in.0 
Test No, ir3 - 
Test ire* 510 



Koduliis of Rupture* 
» « « 

Uodulus of Hastloity* 
tt « « 

Tensile Strength. 
» « 






JBatch Uo, I II III IV 

IDenslty l.ja l,2g 1,23 1,20 

C.C. 3S5 W 588 695 



V 
1.18 

795 



[ 
i 
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WEIGHT - CHAM3IE E^FAffSION DATA. 



50 



TEST No. H9 



Varying density of solution - constant liquid content. (8360.0.) 

Batch YfO: Density V't lost. Ibcpanslon W*t gain, 'Expansion. 

— dry air. — sat. air. — 



I 
II 

III 
IV 
V 



1.27 
1.23 
1.20 

1.15 
1.10 



1.17 It .0293. In. 

3.21 .0166 

7.60 .0111 

10.70 .0110 

9.35 .01^30 



5.80 < .0325 in. 

3.»*6 ,0188 

2.53 .0096 

3.00 .00»^»f 

2.19 .0088 



TEST No, N8 

Varying amount of solution - constant density of 15gCl solution. 
Batch No. 



LlCLuld. 

0.0* 



W»t lost 
dry air. 



Expansion V*t gain 'Expansion, 
— sat, air. — 



I 

II 
III 

IV 
V 


580 
721 
835 
935 
1080 


7.8 
9.2 
10.5 
11.3 


,0079 In. 

.0106 

.025lf 

.0301 

.0306 


2.9 i 

2.9 

2.9 

3'« 
5.0 


.0331 In. 

.020^ 

.0110 

.0108 

.0108 


Batch 
No. 




TEST No. 


N 10 








W»t lost 
dry air. 


Expansion 


W't gain 
sat. air. 


Expaoaion. 


I density I.3I 
c.o. 385 




.0102 In. 


5.5 i> 


.11*^8 In. 


III density I.23 
0.0. 588 


7.7 i> 


.0100 


M-.8 


.0606 


IV density 1.20 
c.o. 695 


10,7 i> - 


..0120 


5^ 


.0U02 


V density 1.18 
c.o. 795 


13.1 i> - 


..0010 




.0276 
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TUfB — iSXPAKSIOir ctmvE 



Test loade of expaoalon from time the 
sfiealjasn iras put lH the mold* 



Standard Floor Mix xi^sd^ 



Time* "Expansion* 




10 20 30 »»0 50 

Time in Eotu^s*. 
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COHyPECIENT OF THERMAL EXPANSION DATA. 



52 



Test !• 



Test made on speoiiiien of standard floor mix. 

Length measured -13.75 in. 

Micrometer readings 

Ist reading 0.9150 at 3<»C. 
Pnd reading 0.a3l»^ at 96<»C. 

Expansion - O.O836 em. = 0,03285 in. 

Temperature range- 93 •C, = 167'?, 



Test made on specimen of standard floor mix. 

Length measured - 13.75 in. 

Micrometer readings :- 

let reading 2.U601 at 17*C. 
2nd reading 2,U023 at lOl^C, 

Expansion O.O578 cm, = 0,0228 in. 

Temperature range -84^*0.= 151«P, 



0.03285 



Coeffeoient of thermal expansions 



= 0. 00001 »»3 



13.75 X I67 



Test 2 



0.0228 



Coeffeoient of thermal expansion — 



— 0.0000109 



13.75 X 151 



AVERAGE OP TWO TESTS r 0. 0000126 
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RESULTS AND CONCLUSIONS. 



Surmnary of "Exp^inslon Tests* 

It has been though that the results of the tests and the 
conclusions to be drawn therefrom, can best be discussed by a 
separate consideration of the different groups of tests. Accord- 
ingly the discussion has been separated into the divisions 
f ollov^ing. 

1. "Rxpansion tests on different cements. Open air and box storage. 
Test No. Nl - N2. 

The object of making these tests was to determine whether any 

of the cheiTilcal constituents of the cement affected its change in 
volume in setting. The firat test was made in the open air. While 
there was no pronounced volume variation noted in any of the 
cenentF^ that could be attributed to any of its chemiceJ. const- 
ituents^ it was found that the expansions of all of the cements 
followed the humidity of the air. This is shown in the humidity 
curve of the air for the same period of time which Is plotted 
on the same sheet. 

The next test was made in the box to determine what volume 
vririaticns would appear under constant storage conditions . The 
curves obtained from this test show that a uniform expansion 
curve can be obtained under constant storage conditlor.s.The effect 
of varylr^ atn^ospherlo conditions Is brougVt out rcre clearly \)y 
a coTxarlson of the curve fron: a check specimen v/hloh wns tested 
In th-^ open air et the same time with the curves obtained In the 
box. This specl/iion showed a wide ani uneven variation. There 
sc-,iLS to be no relatlion, however, between the maxlmu© expansion 
an-l the chemical constituents of the cerrent. For instance , of the 
two cements having the highest lirre conterts, one showed the larg- 
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est ii"iaxlrn;ui. expansion ard the other the smallftnt, 
2. Expansion tests on neat, 1 to 6 sand, and standard flcor iTilxes. 
^est Vo. F5. 

These curves show that the effects of the different atncs- 
pherlc conditions on these rdxes is similar, though their magni- 
tude depend on the mix* The expansion in setting in the dry at- 
mosphere appears to te a function of the amount of cerr.ent in the 
Tilx (MgO and IJgCl^. )• The expansion in a saturated atu.osphere 
is al^^o dependent on the arrount of cement in the rzix. It was thct 
fc'^fore these tests were irj-:de , that the charges in volujre ofthe 
rtiix might he due to charige in the moisture content of the aggre^-- 
ate^ Put in this test It is seen that the mix containing no aggreg- 
ate at all,i»e, the neat, showed the greatest expansion in both 
the dry and the sr.turated atir.c spheres. It vrould *=^eeL: therefor, 
that the change^ in volume are due to some action on the part of 
the cement ty which it gives off or absorbs moisture, rather than 
to an expansion or shrinking of the aggregate • 
3* Expansion test made with varying arrount s of y^Cl^^* 
Tects !To. IT6,N9,N7 and ITS* 

In these tests the amount of l^Cl^^used with a constant prop- 
- orticn of Iry m^aterials vr^r. varied in two ways:« (a) Py varying 
the dr^nnity of the solution, l:-epir^ its amiount constant, (b) By 
vai-ying the am.ount of the solution, keeping its density constant • 
Check tests were miade with each miethod^In general it may be said 
that the char*ge in voluire in setting in a dry atmosphere Is a 
function of the amoiint of KgCl2^ in the mix* This was the case 
In all of the runs. The constancy of volume, ..fter the miaximum 
c\;:£;n^^1on had been reached also depended on the arcunt cf MgClj^^ 
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In the rrix, the specimen ir.ide up with a higher MgCl^ content 
beir:^ the rr.ore stable. 

It is even more difficult tr draw a general conclusion re- 
gyrding the effects of the UgClz content on the voluir.e changes 
In a *=^aturated atLic^^phere . Tn one case ( tests N7 and ITg ) the 
two tei^ts checked; in the other (tests Il6 and N9) the results 
obtained were exactly opposite In character* When the KgClewas 
chariged by varying the amount of the solution at a constant den- 
sity^ the speoiir.ens havlr^ the more MgCla. were the mere stable^ 
l.e . ^expanded the least* When the MgCl^. contpnt was varied by 
chr//;glng the density, with a constant li<iuld content the tests 
rrade In a saturated atnosphere did not check each other, and 
there seems to be no reason that can be given for this lack of 
uniformity* 

Expansion tests made wjth a constant content of MgCl^,. 
Tests ^0* 173 and N 10* 

Two tests were n^ade In whlcli the content of MgClg. was kept 
constant, but the amoimt and density of the solution used was 
varied ♦ Tn both these tests the widest oJiaiige in voluire occured 
1r: the specliren? D/ide up with the lowest amount of water in the 
solut ion,i,e* , the highest density of solution* This held true 
for both the dry and the saturated atmospheric conditions. 
5# Special expansion test* 

Prom this test in which the charge in volume was measured 
from the time the specim.en was put In the mold, it would appear 
that the natural elasticity of the aggregate had an effect on the 
exponnicn durir^ the first few hours, for a very large expansion 
was cbteined in a rath^^r short time* In order to draw definite 
conclusions on this point, a mix should be made and tested hav- 
ing an In-elastic filler substituted for the sawdust. Aifo^iXA^^T^ 
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mix li^ivlng a.n inert material in place of the cement might also 
te tested^ 

General Discussion of Tbcpansion Tests. 

It is difficult to draw any fixed conclusicr.s regarding the 
expan^ilor in a dry atmosphere for there are several variables 
wiiicl.. affect these expar^slon^. One of these is the temperature 
while setting* It is seen In the tests run at a higher temper- 

that the maxirmm change In volume is reached more quickly 
and that there is a greater shrirJcage of the specimens.. Another 
of these variables is the time that the specimens were left in 
the molds before being put in the expansion test frsune. It is 
generaly true for the ter.ts that where the greatest percentage 
iraxliuim expansion^ were obtained, the specimens had been left 
the sLcrte^-f- t1trr fn the»r.olci3. For the longer the specimens are 
left in the molds, the firmer the cement can set, and hence the 
less will be the expansion due to the elasticity of the aggregate 
That there is an expansion due to this elaf^ticity was shown in th 
specl^il expansion test which has been mentioned. Another factor 
which was not kept constant was the presf^ure with which the spec- 
Iniens were pressed into the molds, and this variation in molding 
pressure on account of the ela?;ticity of the aggregate, would 
affect the expansion. This difference in pressure would not only 
affect different tests as a whole, but would affect the different 
batches of the same test. Tbr it v:as ircpoJ=^sible to mold the spec- 
imen from a very moist, seml-fjuid irdx with th ^ same pressure as 
WHS req,uired on a very dry mix. 

The expansion tests made in a saturated atmosphere showed 
thii.t the cement would expand almo^-^t without limit under these 
conditlcr^. Tfeere was nothing in the tests, however, to show 
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whether this expansion was due to an absorption of water by the 
cement to form an oxychlcride of a higher water content, or by 
an absorption of water by the uncombined MgCla. or MgO in the 
spejiiiien, depending upon which was In excess* 

The expansion test^ as a whole s:howed the cement to be for 
the first three weeks at least, ir. an unstable state • In a dry 
atii-osphere It tended to give off iDoisture and to shrink; In 
a saturated atmosphere it tended to absorb water ani to expand 
aliiioRt indef initely. 
riscussion of Strength Tests. 

These tests are shown graphically by curves in which the 
stre/iiiths are plotted against the variable of the cement, density 
or nnount of solution, as the case may be* 

The tensile strer^th curves show that a maximum tensile 
strength is obtained with a certain strength and amount of sol- 
ution* This density was from 1*20 to 1.23, using 85 c*c^ of 
?clutlcn per 100 grams of ci^gre^^ate and cement* This was 
adapated as the standard, and was the density and amount that 
had been found by earlier workers in the Materieils Testing Lab- 
oratory to give the be.^t results. 

The tensile strength curves of the test in which the MgCle, 
content was chariged by varying tl^e amount at a constant density 
of 1.20 have a well defined m.aximum, showing that either in- 
creasing or decreasir^ the am^ount of the solution froir the stand- 
ard lo^'/ers the tensile strergth. 

The tensile strength curves of the test in which the MgCl2^ 
content was changed by varying the density, keeping the amount 
of the solution constant do not shov/ a maxii/.um, but tend to be- 
come horizontal above a density of 1.23, showing tYiat no-^ropos- 
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tlomate gain In strength is obtained by increasing the density 
of the solution. On the other hand, a very great decrease in 
strength occured when the density of the soli^tion was decreased. 
This would show that I'gO could not be made into a cement using 
water only* 

In the tests m/ide with a constant content of MgClg. the spec- 
imens containing the most water were the strongest. This shows 
that a certain aiBount of water is neces?arj' for the settir^g of the 
cement. 

The modulus of rupture curves varied with the tensile strength 
cury^^? so closely that a separate discussion of these lib not 
necessary". The modulus of elasticity raried as the modulus of 
rupture. Its average value for all tests was about 500,000 



Change in weight tests. 

In these tests small s-ecimens were made of the same mixes 
and were subjected to the srure storage conditions as the expan- 
sion specimens raid their weights were taken at the end of the 
dlffHrent time periods. The loss in weight in the dry storage, 
(see ^VEIGHT-CIIANGi: EXPANSION DATA sheet) is dependent on the 
amount of moisture in the mix. Where the amount of the solution 
1?^ kept constant it increases as the density decreases, that is, 
as the ratio of water to MgCl2.in the solution increase©. 

On the other hand, the gain in moisture in a saturated atmos- 
phere appears to be dependent on the amount of MgCl in the mix. 
In the test in which the MgCl^ was kept constant tlie gain in 
v;eight was nearly constant for all of th--^ mixes. 

There seems to be no relation between the expansions and the 
moisture lost or gained. 
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This might be expected, for as has already been pointed out 
the expansion depends on several variables besides those of mois- 
ture or MgCl^. content ♦ 
Cceffecient of Thermal Expansion* 

The result? of these tests seem comparatively high^ Th.is is 
probcxbly due to the expansion of the sawdust on account of the 
abf?or:tion of oil from the hot oil bath. The oil absorption at 
the cold temperature was very much slower, hence it was po^^sible 
to obtain constant readings at this temperature* 
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